Technology assessment (TA) is not a new concept. High value energy technology identification needs to be followed by a decision process in which all shareholders contribute. A case study on Combined and Heat Power (CHP) technologies considered is presented to illustrate the applicability of fuzzy analytical hierarchy assessment approach (FAHP). The goal of this paper is to identify and evaluate the best variant of CHP technologies using multi-criteria that are technical feasibly and cost effective reflecting performance parameters. The results depict that technology A2 with an overall ranking of 0.438 is the best alternative compared to others. Taking into consideration decision parameters for the section, A1 is found to be relatively most important with a rating of 0.434 with its reliability and cost effectiveness. The presented fuzzy-based methodology is general expected to be used by a diverse target groups in energy sectors.
Introduction
Clean technologies have been widely reviewed in terms of technological changes and their performance have been clearly established (Schot, 1992) . Technology selection, mainly driven by process economics are usually based on the net present value (NPV) should be used as a selection criterion rather than investment costs. Economies of scale are more important in technologies, at increased airflow volumes, their reduction in overall costs is more extreme when compared to the alternative technologies. Simple and qualitative methods are selected for the assessment focusing on the interaction of technology elements.
High value energy technology identification needs to be followed by a decision process in which all shareholders contribute. Decision makers would decide to formalize and to implement technology assessment to accomplish the right selection among proposed technologies, or to work randomly without any specific methodology (Bakouros, 2000) . This highlights the need to develop a method that can help plant managers to take decisions to select appropriate technology based on assessment criteria. Furthermore, some information may be somewhat imprecise and fuzzy. A case study on CHP technologies considered is presented to illustrate the applicability of the method.
Additionally, in most of the literature on energy technologies, they dealt with three dimensions of the sustainability, namely environmental economic and social considerations that they should be met simultaneously. Sachs reinforced the argument to restrict the discussion to an extra dimension focusing on political systems (Sachs, 1999; Assefa and Frostell, 2007) . Harris and Goodwin (2001) clarified the three dimensions of sustainability from the perspective of important features of a sustainable system. However, as with many studies (Singh et al., 2012; Singh et al., 2014) , its results are not always fully utilized providing a well-founded conceptual framework (Grundwald and Roetsch, 2011) or the issue of developing a combined method as multi-criteria at the technology level is not properly addressed (e.g. too general in sustainability assessments). In identifying research goals, additional study on energy technology assessment, not considering the "integrating approach" related to sustainability and their evaluation criteria, is required.
The goal of this paper is to evaluate Combined and Heat Power (CHP) technologies assessment using multi-criteria that reflect performance parameters gathered in economic viability, technical feasibility, and environmental protection aspects. By providing a coherent methodology the technology assessment will support operative decision-making of users and non-experts "making possible to eliminate characteristic with least significance when it comes to the linear ordering concept". It prioritizes available alternatives in order to bridge the energy technology gap.
The case study used can provide potential users, and decision makers with a coherent methodological framework for technology assessment, including application of a fuzzy analytical hierarchy approach (FAHP). In this case, fuzzy AHP is applied to select energy technologies. However, these criteria are shifting with economic viability, technical feasibility and reliability becoming as important as process economics.
Literature review
Technology assessment (TA) is not a new concept. TA focuses on "maintaining and enhancing the diversity of economic and technological approaches to addressing specified challenges" (Ely et al., 2011) . There are differences between traditional and new approach to technology assessment, which can be overcome by introducing technology assessment program. The basic technology assessment definition given by Coates (1976) reflects the dimension of studying the systematizing, social aspects and forecasting future issues. A new approach of technology assessment is broadened into technological choices among technologies and their associated criteria by which they to be evaluated. From other side, the basic approach in decision analysis and multiple criteria decision making theory concentrates on subjective ranking. Most of the multiple criteria decision making methods looks relative distance from the ideally positive or negative solution or compares utility function's scores of available solutions with the ideally positive alternative or with the best or worst alternative of investigated alternatives.
Additionally, reasons for the shortcoming are problems with using inadequacies in analytic tools or theoretical understanding, precise evaluation or institutional problems due to constrains upon the interests that each individual decision-maker is encouraged to treat as his/her own. The specific literature on multi-criteria decisions (MCDA) methods does not discuss this aspect in particular, nevertheless, their structure does not limit the number and type of criteria to be used as input parameters. In essence there are no alternatives to technology assessment techniques (Oteng-Seifah and Adjei-Kumi, 2007; Bertoni et al., 2015) . Decision makers would decide to formalize and to implement technology assessment to accomplish the right selection among proposed technologies, or to work randomly without any specific methodology (Bakouros, 2010) . Therefore, combined MCDA methodologies should determine overall preferences among alternative technology options according to the different criteria being difficult while comparing with one another (Kluczek, 2016) .
More "integrating concept" of technology assessment is taken into consideration of connections between environmen-tal and socio-economic issues as well as concerns for the future of humanity Perdan, 2005a, 2005b) . This approach represents the "three pillars" of sustainability: environmental, economic, and social values (TBL). These MCDA methods used to sustainability assessment rely on key interactions between infrastructure and surrounding environmental, economic, and social issues and uses sustainability criteria and indicators as a way of understanding and quantifying such interacting effects. While traditional forms of sustainability technology assessment focused on individual technologies considered separately, additional technical realities in terms of technical reliability necessitate a more holistic assessment, becoming as important as process economics. A review of technology assessments approaches are presented in (Gładysz and Kluczek, 2017) . Many MCDA approaches are designed to deal multi-criteria problems such ELECTRE, Technique for Order Preference by Similarity to an Ideal Solution (TOPSIS) (Liu, 2009 ) applied in various fields, e.g. for industrial practices (Kluczek and Gładysz, 2015) or manufacturing in detail or suppliers selection (Ayhan, 2013). Other approach, ANFIS (Adaptive Neuro-Fuzzy Inference System) uses adaptive neuro-fuzzy inference system based on fuzzy modeling with linguistic numbers (Jang, 1993) .
FAHP was found to be widely used in the application of building research teams (Dąbrowski and Skrzypek, 2016) . The main concern of other is dealing with inconsistences related with arising with the expert opinions, what is the main reason for the implementation of the AHP.
This intricacy has been dealt with giving weights for characteristics, which are determined on the basis of fuzzy expert opinions and then to "establish priorities". Due to expert's statements are uncertain in their nature, human thoughts are fuzzy and the problem being analyzed is complex, then it is proposed to apply successfully fuzzy logic to help handle imprecision in multi-criteria decision making processes (Varela and Ribeiro, 2003; Kluczek, 2016) . Hence, this study presented seeks to evaluate and select the best clean energy technology. The FAHP will be used as a guide by planners improving the quality multi-criteria decision making.
Experimental
Multi-criteria evaluation procedure for simplified evaluation of clean energy technologies is employed involving description of technologies, establishing criteria as well as establishing an evaluation model based on the characteristics of stone processing production. Based on data collection fourth stage involves employing the evaluation system to select the best clean energy technology. The proposed procedure for simplified evaluation of energy technologies alternatives is outlined in Fig. 1. 
Selection and specification of technologies
This step of the decision-support framework is aimed at identifying the best CHP technology taking into account the specific conditions of the technologies. Technologies to be applied as recommendations of energy audits are described in Table 1 .
Data collection
Appropriate research material has to be collected before applying of the presented FAHP based procedure. Once the technologies have been selected to be evaluated, they need to be characterized with respect to their capacities, efficiencies, capacity factors, lifetimes, emissions to the environment. Selection and assessment is carried out by using fuzzy AHP. This data (although imprecise) will be sufficient to show the principal feasibility of the ranking procedure.
However, it should be borne in mind that the format for data collection has to reflect the requirements imposed by the application of fuzzy sets in data analysis.
Identification of the specific representatives
This phase entailed identifying the individuals who would be participant were identified from the group of energy lead auditors available at the university. Due to the confidentially of the representatives, their names are not disclosed in this research. The decision-makers were asked to assess technologies by giving the best outcome in terms of the criteria mentioned (Klevas et al., 2009 ). Industrial natural gas-fired turbines operate to generate electricity. These turbines are located in close proximity to where the electricity being generated will be used. Industrial turbines -producing electricity through the use of high temperature, high pressure gas to turn a turbine that generates a current -are compact, lightweight, easily started, and simple to operate. Due to the advantages of these types of generation units, a great deal of research is being put into developing more efficient, advanced gas turbines for distributed generation.
Steam Turbine CHP
A steam turbine is captive to a separate heat source and does not directly convert a fuel source to electric energy. Steam turbines require a source of high pressure steam that is produced in a boiler or heat recovery steam generator (HRSG).The capacity of steam turbines can range from a fractional horsepower to more than 1,300 MW for large utility power plants. They are widely used for CHP applications in the U.S. and Europe where special designs have been developed to maximize efficient steam utilization.
Gas turbines
Gas turbines are a cost effective CHP alternative for commercial and industrial end-users with a base load electric demand greater than about 5 MW. (Gas turbines with HRSG for power demand usually between a few MWe and 25 MWe). They perform best at full power although they can also be operated at partial load. Waste heat is recovered in the HRSG to generate high-or low pressure steam or hot water. The thermal output can be used directly or converted into chilled water by single or double-effect absorption chillers. 
Identification of indicators for a simplified decision problem evaluation
There is a range of significantly important indicators that must be considered when evaluating clean or sustainability of energy technologies (Evans et al., 2009 ). Proposed study identifies seven performance parameters treated as decision criteria which affects the decision making process. These parameters are presented and briefly explained in Table 3 . Environmental issues have a negligible importance in the hierarchy of technology elements. The CHP technologies were evaluated based on seven critical indicators in terms of: efficiency, quantifications of operating reliability, sensitivity towards operating parameters like (fuel flexibility, operation and maintenance (O&M), installed cost for technology) and environmental performance impact as well as energy recovery.
Some of the criteria are described based on partially quantitative and mostly qualitative information, difficult to measure and subjective, which are stated in linguistic scale 
Development of the decision problem framework
The hierarchical frame of the criteria and the alternatives for the technology selection and assessment can be represented as following Figure 2 . Here, both the criteria and the alternative weights should be calculated. The proposed framework is divided into main steps: 1. Determining weights of criteria, 2. Determining weights of alternatives with respect to criteria. A case study for assessing and selection technologies is revealed in the next section. 
Empirical study
The fuzzy AHP (FAHP) in combined heat and power combined technologies for selection of an efficient and cost effective one. The extended version of AHP is based on fuzzy theory (Zadeh, 1965) , where one solution is selected among various possibilities with a number of decision factors. The detailed steps of the procedure within the framework are as follows:
Step 1: Determining weights of criteria Step 1.1: Construct hierarchical structure of the decision problem (Garg, 2017) in order to select best alternative, here efficient-reliable and cost effective CHP technology. Hence, a pair-wise comparison matrix with ranked structure using all the decision parameters is developed as below (1):
Step: 1.2: Decision makers (experts) using a pair-wise comparison matrix compare the criteria or alternatives via linguistic scale, shown in Table 4 . Let represent a fuzzified reciprocal ̃= � � � -judgment matrix containing all pairwise comparisons � between elements i and j for all i,j ∈ {1,2,…,n}. Fairly important (F. Imp.) (4, 5, 6) 7
Stronly important (Eq. Imp.) (6, 7, 8) 9
absolutelyimportant (A .Imp.) (8, 9, 10) 2
The intermittent values between two adja cent scales (1, 2, 3) 4
(3, 4, 5) 6 (5, 6, 7) 8 (7, 8, 9) Source: Based on (Saaty, 1989) The fuzzy triangular number is than replaced to make it in an increasing order. In this step, the fuzzy weight of criterion is calculated with the equation 3.
Step 1.4: The fuzzy weights of each criterion can be found with Eq. 3, by incorporating the vector summation of each � and the (-1) power of summation vector (see equation 4).
Step 1.3: The averaged pair-wise comparison of the criteria is represented by following Table 3 . In addition the geometric mean, fuzzy comparison values of each criterion is calculated by Eq. 1. Here, in this case, � represents triangular fuzzy values of pair-wise comparison matrices � = � , , �, (Buckley, 1985; Davies, 1994) using geometric mean for lij the lower and uij the upper limit,
Step 1.5: � as the fuzzy triangular numbers must be defuzzified (Chou and Chang, 2008) by applying the equation 5. The geometric means of fuzzy comparison values of all criteria are shown in Table 4 .
Step 1.6: Mi as a non-fuzzy number needs to be normalized by following equation 6. This step provides a normalization of weights of both criteria and the alternatives.
Step 2: Determining weights of alternatives with respect to criteria The alternatives should be pairwise compared with respect to each criterion particularly. The three technological alternatives Ai, (i = 1, 2, 3) are evaluated by an expert under the seven parameters Cj (j = 1, 2, 3, 4, 5, 6, 7) by using fuzzy decision matrix D = (αi j )3×7, and their corresponding rating values (Table 7) .
The calculation of the consistency ratio CR ensures the consistency of the responses. Ranking is computed using the consistency ratio (CR) by using formula shown in equation 1, so that the random incompatibility (RI) has been created from those matrices for different values of n by generating random matrix. In this work the fuzzy comparison matrix is of the size of 3×7, therefore the value of RI is 1.3 The compatibility of the matrix is accepted, CR = 0.09 is less than 0.1, by using the eigenvalue λmax as follows: CI = (λmaxn)/(n-1), where λmax is the maximum eigenvalue (W) of the matrix of priorities (eq. 8). 
Similar to previous described steps, the following parameters are calculated with respect to each criterion, such as: the geometric means of fuzzy comparison values (ri) and relative fuzzy weights of alternatives for each criterion (wi), non-fuzzy (Mi) and normalized (Ni) values.
Step 3: Aggregated results for each alternative according to each criterion The data which was normalized for all alternatives (see Table  8 ) are multiplied by the relevant normalized weight of each criterion Ni (see also Table 6 ), then ranked the alternative Ai (i = 1, 2, . . . , m) are ranked according to the descending value of the score values selecting the most desirable alternative.
Results and discussion
It is necessary to present achieved results of own research illustrating them by Tables, pictures, diagrams and giving in details relations between stated facts. That section should The final result of the study is ranked as follows: 1-Gas turbine CHP; 2 -Steam Turbine CHP, 3 -Natural Gas Engine CHP. Gas turbine is the alternative with the greatest "global" weight of 0.438 and would therefore be the most preferable alternative. In this study A2 significantly outperforms A1 and can be thought as the second best clean technology. It shows that the ranking in Table 7 suggests electricity production by application steam turbine CHP is the most sustainable followed by natural gas CHP. 
Summary and conclusion
The decision-support method was aimed at identifying the best CHP technology that are technical feasibly and cost effective, taking into account the specific parameters/conditions of considered technologies. Seven significant decision factors related to technology performance parameters were identified and FAHP was used to analyse their proposed alternatives. Result clearly presents, that technology A2 with an overall ranking of 0.438 is the best alternative. Further, among all identified decision parameters for CHP technology towards reliability and cost effectiveness, A1 is found to be relatively most important with a rating of 0.434. The results remain subjective due to technology criteria and their parameters, which can only be based on the information presented to a decisionmaker which itself is limited and biased. It can be concluded that that evaluation of energy technologies enables take a decision regarding the efficiency, acceptability, compatibility with the society's opinion of the selected technologies and, to this matter, may lead to selection of more efficient technologies, more attractive ones for the manufacturer or decision makers or society, including of better quality from the reliability and cost-effectiveness point of view. Based on the study the fuzzy evaluation of pair-wise comparisons may be more comfortable and appropriate for decision making. The selection of technologies alternatives could give flexibility to build the technology portfolio and
